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GP-303526 

THREE SPEED TRANSFER CASE WITH 
TWO TRANSFER CHAINS 

TECHNICAL FIELD 

[0001] The present invention relates to a three speed transfer case 

having a planetary gear set, four clutches and two transfer chains to provide 
three distinct final drive ratios, as well as four wheel drive and/or all wheel 
5 drive. 

BACKGROUND OF THE INVENTION 

[0002] Four wheel drive (4WD) vehicles provide traction which is 

often unattainable in two wheel drive (2WD) vehicles by delivering power to 

10 both of the vehicle's axles. Attendant with the added traction provided by 
four wheel drive is the added complexity of the drive train required to 
control and deliver power to all four wheels as opposed to only two wheels. 
Four wheel drive characteristically does not have a center differential which 
would maintain a fixed fraction of torque delivered to each axle, but rather 

15 maintains the same speed at each axle regardless of the torque split between 
the two axles. The delivery of power between the front wheels and the rear 
wheels of the vehicle is typically handled by a transfer case mechanism 
which usually includes either a mechanically or electronically controlled 
clutch to switch between rear wheel drive and four wheel drive. 

20 [0003] In all wheel drive (A WD) systems, the front and rear axles 

are continually in driving engagement with the transfer case, but the system 
contains a center differential to maintain a fixed ratio of torque between the 
front and rear axle. 

[0004] In addition to controlling the transfer of torque between front 

25 and rear axles of a vehicle, the transfer case may also include a planetary 
gear set or set of countershaft gears which provides an underdrive or 
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overdrive ratio. Further, rather than manufacturing a new five or six speed 
transmission, an existing four speed transmission may be used with a multi 
speed transfer case to provide additional speed ratios, such as for stump 
pulling (extreme underdrive), or in a top gear - overdrive condition. 
5 [0005] All wheel drive transfer cases typically contain a planetary 

gear set to provide the center differential function that maintains a constant 
torque split between the front and rear axle independent of tire speed or slip. 
The vehicle is also typically equipped with identical front and rear axle ratios 
and identical front and rear tire rolling radii in order to minimize the power 

10 (torque related losses) circulated in the center differential. The typical all 
wheel drive transfer case only provides a direct or 1 : 1 torque ratio to the 
axles, and does not contain any ratio changing clutches because there is only 
one mode of operation. Some all wheel drive transfer cases provide a 
friction clutch across the center differential to dynamically change the front 

15 to rear torque ratio. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a transfer case with improved 

functionality by enabling three distinct final drive ratios, as well as the 
20 ability to shift into or out of four wheel drive "on the fly" (i.e., with the 
wheels spinning but no torque present) in any ratio. This improvement is 
achieved by providing a transfer case including a planetary gear set with 
three input clutches, as well as two transfer chains and a four wheel drive 
clutch. 

25 [0007] More specifically, the invention provides a transfer case for a 

vehicle having front and rear axles. The transfer case includes first, second 
and third input clutches connected to first, second and third members of a 
planetary gear set, respectively. First and second transfer chains are 
connected to each other and operatively engageable between the planetary 

30 gear set and the front and rear axles. At least one of the transfer chains is 
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connected with one of the members of the planetary gear set. A four wheel 
drive clutch is operative to selectively connect the front and rear axles. The 
four wheel drive clutch and the first, second and third input clutches are 
selectively engageable to provide three speed ratios and four wheel drive. 
5 [0008] In one embodiment, the first, second and third members 

comprise a sun gear, carrier and ring gear, respectively. The ring gear is 
connected to the first chain, and the sun gear is connected to the second 
chain. The first chain has a 1:1 chain ratio, and the second chain has an 
underdrive ratio. The four wheel drive clutch selectively coimects the 

10 second chain to the front axle. 

[0009] In an alternative embodiment, the first, second and third 

members comprise a ring gear, carrier and sun gear, respectively. The ring 
gear is connected to the first chain, and the sun gear is connected to the 
second chain. The first chain has an underdrive ratio, and the second chain 

15 has a 1:1 ratio. The four wheel drive clutch selectively connects the first and 
second chains with the front axle. The sun gear is directly connected with 
the rear axle. 

[0010] In the embodiments described above, the first, second and 

third clutches and the four wheel drive clutch are selectively engageable to 
20 provide rear wheel drive low, four wheel drive low, rear wheel drive mid, 
four wheel drive mid, rear wheel drive high and four wheel drive high 
ratios. 

[0011] In a second alternative embodiment of the invention, the first, 

second and third members of the planetary gear set comprise a sun gear, 

25 carrier and ring gear, respectively. The ring gear is connected with the first 
chain, and the second chain is connectable with the sun gear and the rear 
axle through the four wheel drive clutch. The first, second and third 
clutches and the four wheel drive clutch are selectively engageable to provide 
rear wheel drive low, four wheel drive low, all wheel drive mid, four wheel 

30 drive mid, front wheel drive high, and four wheel drive high ratios. 



[0012] In a third alternative embodiment of the invention, the first, 

second and third members of the planetary gear set comprise a ring gear, 
carrier and sun gear, respectively. The ring gear is connected to the first 
chain, and the sun gear is connected with the rear axle. The first chain has 
5 an underdrive ratio and the second chain has a 1 : 1 ratio. The four wheel 
drive clutch selectively connects the ring gear and the first chain with the 
rear axle. 

[0013] The invention also provides a drive train for a vehicle 

including front and rear axles having different axle ratios, as well as a 
10 transfer case as described above in the first embodiment and the second 
alternative embodiment. 

[0014] The above features and advantages, and other features and 

advantages of the present invention are readily apparent from the following 
detained description of the best modes for carrying out the invention when 
15 taken in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGURE la shows a schematic lever diagram illustrating a 

drive train in accordance with the invention; 
20 [0016] FIGURE lb shows a schematic stick diagram corresponding 

with the lever diagram of Figure la; 

[0017] FIGURE 2a shows a schematic lever diagram of a drive train 

in accordance with a first alternative embodiment of the invention; 
[0018] FIGURE 2b shows a schematic stick diagram corresponding 

25 with the lever diagram of Figure 2a; 

[0019] FIGURE 3a shows a schematic lever diagram of a drive train 

incorporating a transfer case in accordance with a second alternative 
embodiment of the invention; 

[0020] FIGURE 3b shows a schematic stick diagram corresponding 

30 with the lever diagram of Figure 3a; 
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[0021] FIGURE 4a shows a schematic lever diagram of a drive train 

incorporating a transfer case in accordance with a third alternative 
embodiment of the invention; and 

[0022] FIGURE 4b shows a schematic stick diagram corresponding 

5 with the lever diagram of Figure 4a. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] Referring to Figures la and lb, a lever diagram and stick 

diagram are shown, respectively, illustrating a vehicle 10 having a drive 

10 train 11 which includes a transfer case 12 for receiving torque from an input 
14 and distributing the torque between the front and rear axles 16, 18 of the 
vehicle 10. Preferably, the front and rear axles have different axle ratios. 
The "axle ratio" is the relationship between the vehicle's drive shaft (or 
propeller shaft) and its wheel axle. For instance, a 4:1 or 4.0 axle ratio 

15 means that the drive shafts turns four times for every one time the axle turns. 
The higher the axle ratio, the greater the force that can be applied to the 
drive wheels for tasks like towing up a grade or pulling a boat out of the 
water. With the present invention, for example, the front axle may have a 
ratio of 3. 15 and the rear axle may have a ratio of 4. 10. However, the 

20 invention described herein would also be applicable to a vehicle having 
identical front and rear axle ratios. 

[0024] The transfer case 12 includes the planetary gear set 20 which 

is a simple planetary gear set including first, second and third members. 
The first member is the sun gear 22, the second member is the carrier 24, 
25 and the third member is the ring gear 26. 

[0025] First, second and third input clutches 30, 32, 34 are connected 

to the sun gear 22, carrier 24, and ring gear 26, respectively. Accordingly, 
the first input clutch 30 selectively connects the sun gear 22 with the input 
14, the second input clutch selectively connects the carrier 24 with the 
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input 14, and the third input clutch 34 selectively connects the ring gear 26 
with the input 14. 

[0026] The transfer case 12 also includes first and second transfer 

chains 36, 38 which are connected to each other and operatively engageable 
5 / between the planetary gear set 20 and the front and rear axles 16, 18. As 
shown, the first transfer chain 36 is directly connected with the ring gear 26, 
and the second transfer chain 38 is directly connected with the sun gear 22. 
The first transfer chain 36 has a 1:1 chain ratio, and the second transfer 
chain 38 has a ratio which is equal to the rear axle ratio divided by the front 

1 0 axle ratio (1.30:1 underdr ive) . 

[0027] The transfer case 12 also includes a four wheel drive clutch 40 

which is operative to selectively connect the front and rear axles 16, 18. 
[0028] The clutches 30, 32, 34 and 40 may be dog clutches. Sample 

dog clutches for use with the present invention are shown, for example, in 

15 U.S. Patent No. 4,349,091, which is hereby incorporated by reference in its 
entirety. 

[0029] To achieve a rear wheel drive low ratio, the first input clutch 

30 is engaged so that power flows from the input 14 through the first input 
clutch 30 and sun gear 22 to the rear axle 18. With the first input clutch 30 

20 engaged, four wheel drive low may be activated by engaging the four wheel 
drive clutch 40. In this configuration, the second transfer chain 38 is active. 
[0030] To achieve the rear wheel drive "mid" ratio, the second input 

clutch 32 is engaged and power flows through the carrier 24 and is split 
between the sun gear 22 and ring gear 26. From the sun gear 22, power 

25 flows to the rear axle 18. From the ring gear 26, power flows through the 
chains 36, 38 to the rear axle 18. Four wheel drive mid may be achieved by 
then engaging the four wheel drive clutch 40. Both transfer chains 36, 38 
are active in four wheel drive mid mode. 

[0031] To achieve rear wheel drive high, the third input clutch 34 is 

30 engaged so that power flows through the ring gear 26, through both transfer 
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chains 36, 38 to the rear axle 18. Four wheel drive high may then be 
achieved by engaging the four wheel drive clutch 40 to connect the transfer 
chains 36, 38 to the front axle 16. 

[0032] Maximum fuel economy will occur in the rear wheel drive 

5 high ratio with the third input clutch 34 engaged. In this configuration, both 
transfer chains 36, 38 are active. 

[0033] The transfer case 12 will be able to shift "on the fly" (i.e., 

with the axles spinning but no torque present) into and out of four wheel 
drive if a synchronizer is used on the four wheel drive dog clutch 40. It will 
10 be necessary to come to a complete stop to shift from one ratio another by , 
engaging and disengaging the clutches 30, 32, 34, unless the shift is made at 
zero torque with the engine controlled to match the oncoming gear 
synchronous speed. 

[0034] Turning to Figures 2a and 2b, a first alternative embodiment 

15 of the invention is shown. This configuration is similar to that shown in 
Figures la and lb, except that the front and rear axles have identical axle 
ratios, and the transfer chain connections are swapped. 
[0035] More specifically, as shown in Figures 2a and 2b, the first 

alternative embodiment of the invention is illustrated for a vehicle 1 10 
20 incorporating a drive train 111 with a transfer case 1 12 for receiving torque 
from an input 114 and distributing the torque between the front and rear 
axles 116, 118. The transfer case 112 includes a planetary gear set 120 
having first, second and third members 122, 124, 126. The first member 
122 is a ring gear, the second member 124 is a carrier, and the third member 
25 126 is a sun gear. A first input clutch 130 selectively connects the input 114 
with the ring gear 122, a second input clutch 132 selectively connects the 
input 114 with the carrier 124, and a third input clutch 134 selectively 
connects the input 114 with the sun gear 126. 

[0036] The transfer case 112 also includes a first transfer chain 136, 

30 which has an underdrive ratio, and is connected with the ring gear 122. A 



8 

second transfer chain 138 has a 1:1 ratio and is connected with the sun gear 
126. 

[0037] A four wheel drive clutch 140 is also provided for selectively 

connecting the front and rear axles 1 16, 1 18. In this embodiment, the front 
5 and rear axles each have an axle ratio of 3. 15, and the first transfer chain 
136 has a 1.30:1 underdrive ratio. The four wheel drive clutch 140 is a dog 
clutch having a synchronizer. 

[0038] To achieve rear wheel drive low, the first input clutch 130 is 

engaged, and power flows from the input 114 through the clutch 130 and 

10 ring gear 122, and through the chains 136, 138 to the rear axle 118. Four 
wheel drive low may then be achieved by engaging the four wheel drive 
clutch 140 to connect the transfer chains 136, 138 to the front axle 116. 
[0039] To achieve rear wheel drive "mid,** the second input clutch 

132 is engaged, and power flows through the carrier 124, and is split 

15 between the ring gear 122 and the sun gear 126. From the sun gear 126, 
power flows to the rear axle. From the ring gear 122, power flows through 
the chains 136, 138 to the rear axle. Four wheel drive mid may then be 
provided by engaging the four wheel drive clutch 140 to connect the front 
axle 116 with the transfer chains 136, 138. 

20 [0040] Rear wheel drive high may be achieved by engaging the third 

input clutch 134 so that power flows through the clutch 134 and sun gear 126 
directly to the rear axle 118. This would be the maximum fuel economy 
mode because no chains are active. Four wheel drive high may be achieved 
by engaging the four wheel drive clutch 140 and the third input clutch 134 

25 for connecting the transfer chains 136, 138 to the front axle 116. 
[0041] Turning to Figures 3a and 3b, a second alternative 

embodiment of the invention is shown. This embodiment is similar to that of 
Figures la and lb except that the location of the four wheel drive clutch is 
changed. 



[0042] As shown in Figures 3a and 3b, the vehicle 210 incorporates a 

drive train 211 having a transfer case 212 for receiving torque from an input 
214 and distributing the torque between the front and rear axles 216, 218 of 
the vehicle 210. The transfer case 212 includes the planetary gear set 220 
5 which is a simple planetary gear set including first, second and third 

members 222, 224, 226. The first member 222 is a sun gear, the second 
member 224 is a carrier, and the third member 226 is a ring gear. The first 
input clutch 230 selectively connects the input 214 with the sun gear 222. 
The second input clutch 232 selectively connects the input 214 with the 

10 carrier 224. The third input clutch 234 selectively connects the input 214 
with the ring gear 226. A first transfer chain 236 having a 1: 1 chain ratio is 
connected between the ring gear 226 and the front axle 216. A second 
transfer chain 238 having a ratio equal to the rear axle ratio divided by the 
front axle ratio (1.30:1 underdrive) is connected to the front axle 216 and the 

15 first transfer chain 236. The rear axle has a 4. 10 axle ratio and the front 
axle has a 3. 15 axle ratio. A four wheel drive clutch 240 selectively 
connects the second transfer chain 238 with the rear axle 218. 
[0043] To achieve rear wheel drive low, the input clutch 230 

connects the input 214 with the sun gear 222. Torque then flows directly to 

20 the rear axle 218. Four wheel drive low may be activated by engaging the 
four wheel drive clutch 240 so that torque is carried to the front axle by the 
second transfer chain 238. 

[0044] In order to achieve all wheel drive mid, the second input 

clutch 232 is engaged, and torque is split between the sun gear 222 and ring 
25 gear 226. The sun gear 222 drives the rear axle 218, and the ring gear 226 
drives the front axle 216 through the transfer chain 236. Four wheel drive 
may then be achieved by engaging the four wheel drive clutch 240 to connect 
the second transfer chain 238 with the rear axle 218. 

[0045] Front wheel drive high is achieved by engaging the third input 

30 clutch 234 so that torque goes through the ring gear 226 to the front axle 216 
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through the transfer chain 236. This is the maximum fuel economy mode. 
Four wheel drive high may then be achieved by engaging the four wheel 
drive clutch 240 to connect the second transfer chain 238 with the rear axle 
218. 

5 [0046] Turning to Figures 4a and 4b, a third alternative embodiment 

of the invention is shown. This embodiment is similar to the first alternative 
embodiment in that the front and rear axle ratios are the same, but the 
location of the 4WD clutch is different from the first alternative embodiment. 
The vehicle 310 includes a drive train 311 having a transfer case 312 for 

10 receiving torque from an input 314 and distributing the torque between the 
front and rear axles 316, 318 of the vehicle 310. The transfer case 312 
includes a planetary gear set 320, having first, second and third members 
322, 324, 326. The first member 322 is a ring gear, the second member 324 
is a carrier, and the third member 326 is a sun gear. 

15 [0047] The first input clutch 330 selectively connects the input 314 

with the ring gear 322. The second input clutch 332 selectively connects the 
input 314 with the carrier 324. The third input clutch 334 selectively 
connects the input 314 with the sun gear 326. The first transfer chain 336 
has a 1.30:1 underdrive ratio, and is connected between the ring gear 322 

20 and the front axle 316. The second transfer chain 338 has a 1: 1 chain ratio 
and is connected to the first transfer chain 336 and the front axle 316. 
[0048] The four wheel drive clutch 340 selectively connects the first 

and second transfer chains 336, 338 with the rear axle 318. 
[0049] In order to achieve front wheel drive low, the first input 

25 clutch 330 is engaged, and power travels through the ring gear 322 to the 

front axle 316 via the first transfer chain 336. Four wheel drive low may be 
achieved by engaging the four wheel drive clutch 340 which connects the 
second transfer chain 338 to the rear axle 318. 

[0050] All wheel drive mid may be achieved by engaging the second 

30 input clutch 332. With the clutch 332 engaged, the planetary gear set 320 
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splits the input torque between the ring gear 322 and the sun gear 326. The 
ring gear 322 drives the front axle 316 via the first transfer chain 336, and 
the sun gear 326 drives the rear axle 318 directly. The torque split as 
determined by the ring gear /sun gear tooth ratio of the planetary gear set 
5 320. Four wheel drive mid may be achieved by engaging the four wheel 
drive clutch 340 and the clutch 332. The four wheel drive clutch 340 
connects the rear axle 318 with the front axle 316 via the second transfer 
chain 338. 

[0051] Rear wheel drive high may be achieved by engaging the third 

10 input clutch 334. Torque flows through the sun gear 326 directly to the rear 
axle 318. This is the maximiun fuel economy mode because no chains are 
active. Four wheel drive high may be engaged by activating the four wheel 
drive clutch 340 and the third input clutch 334. The four wheel drive clutch 
340 connects the rear axle 318 with the front axle 316 via the transfer chain 
15 338. 

[0052] In a further embodiment, the location of the ring gear 322 and 

sun gear 326 may be swapped from the embodiment shown in Figure 4a to 
achieve different ratios. 

[0053] While the best modes for carrying out the invention have been 

20 described in detail, those familiar with the art to which this invention relates 
will recognize various alternative designs and embodiments for practicing the 
invention within the scope of the appended claims. For instance, the simple 
planetary gear set can be replaced by a compound planetary gear set. When 
a compound gear set is used, the compound gear set ring gear will be 
25 equivalent to the carrier of the simple planetary gear set, and the sun gear 
and carrier of the compound planetary gear set can be interchanged 
depending on the choice of ring gear/sun gear tooth ratio. 



